BACKGROUND/OBJECTIVES: Multi-frequency bioelectrical impedance analysis (MFBIA) is becoming more widely used to assess hydration status and body composition in haemodialysis patients. Most centres only measure MFBIA pre dialysis when patients are overhydrated. We wished to determine whether body composition assessments change post dialysis following fluid removal. SUBJECTS/METHODS: Lean body and fat mass were measured by MFBIA pre and post haemodialysis in 676 stable outpatients. RESULTS: Weight fell post dialysis from 72.9 ± 17.8 to 70.9 ± 19.9 kg, P o 0.001, soft lean mass from 48.2 ± 12.1 to 45.4 ± 11.0 kg and fat-free mass from 51.8 ± 19.2 to 48.1 ± 11.8 kg, P o0.001, whereas percentage body fat (PBF) increased from 28.8 ± 11.9 to 30.8 ± 12.1% post dialysis, Po 0.001, with a mean increase post dialysis of 2.0% (95% confidence limits 1.55 to 2.45). There were correlations between the fall in total body water and extracellular water and skeletal muscle mass (r = 0.826, Po 0.001 and r = 0.711, Po 0.001, respectively), and negative correlation between the fall in total body water and ICW and the increase in PBF (r = − 0.72, Po 0.001, and − 0.72, Po 0.001, respectively). The relative changes were greater for the arms compared with the legs. CONCLUSIONS: Although more convenient for both patients and staff to undertake bioimpedance measurements pre dialysis, overhydration over estimates muscle mass and under estimates fat. For more reliable and reproducible assessments of nutritional status, we suggest that bioimpedance measurements of body composition should be made when patients are closer to their target weight than when overhydrated.
INTRODUCTION
Bioelectrical impedance devices are becoming more frequently used in kidney dialysis centres to aid clinical assessments to determine target weight for individual patients. 1, 2 In addition, bioimpedance can be used to determine total body water (TBW), and this can be used to adjust dialysis adequacy measurements based on urea clearance for both haemodialysis and peritoneal dialysis patients. 3, 4 Whereas single-frequency devices may be equally accurate as multi-frequency bioelectrical impedance analysis (MFBIA) in determining TBW, extracellular water (ECW) and intracellular water (ICW), 5 the additional alternate current frequencies with MFBIA allow an estimation of body composition, as different tissues contain different amounts of water and differences in cell density. 6 In particular, muscle contains more water than fat. Dialysis patients are at increased risk of protein energy wasting, and as such bioimpedance devices can be used to objectively assess body composition, 7 rather than the traditional subjective global assessment (SGA), which is prone to interobserver variation. Although MFBIA offers reliable assessment of body composition, readings can be affected by a full bladder and the presence of both ascites 8 and peritoneal dialysis fluid. 9 As such, we wished to determine whether the fluid and weight changes that occur during a haemodialysis session affect body composition assessments
PATIENTS AND METHODS
We compared whole-body and segmental MFBIA in 676 adult haemodialysis patients attending for their routine midweek dialysis session.
All patients had MFBIAs performed in a standardised manner both before and then after completion of the dialysis session using an 8electrode MFBIA device with 30 impedance measurements obtained using 6 frequencies (1, 5, 50, 250, 500 and 1000 kHz) at each of the 5 segments (right arm, left arm, trunk, right leg and left leg), and reactance, with 15 impedance measurements using 3 frequencies (5, 50 and 250 kHz) at each of the 5 segments (InBody 720, Derwent Health Care, Seoul, South Korea), as part of established routine clinical care. 10 Patients were allowed a period of recovery after completion of the dialysis session, before the post-dialysis bioimpedance measurement, typically made around 15-20 min post dialysis, after needle puncture sites had stopped bleeding and after they had been weighed. The scales used to weigh patients were regularly serviced and recalibrated with metric weights. We have previously published on reproducibility of the InBody 720. 11 Height was measured using a standard wall-mounted measure (Sigmeas 1, Doherty signature range, http://www.medisave.co.uk/ signature-range-wall-mounted-height-measure-p-6276.html).
Patients were dialysed using polysulphone dialyzers (Nipro, Osaka, Japan), 12 Fresenius 4008H, 5008 (Fresenius AG, Bad Homberg, Germany) or BBraun Dialogue+ (BBraun, Melsungen, Germany) dialysis machines and anticoagulated with tinzaparin, a low molecular weight heparin (Leo Laboratories, Market Harborough, UK). 13 Serum biochemistry samples were analysed with a standard multichannel biochemical analyser (Roche Integra, Roche diagnostics, Lewes, UK), using the bromocresol green method for albumin determination, and haemoglobin samples by the sodium lauryl sulphate-Hb method (XE-2100 Sysmex Corporation, Kobe, Japan), 14 and dialysate sodium delivery checked by flame photometry and ion electrophoresis. 15 Ethical approval was granted by the local ethical committee as audit and clinical service development. All patient data were appropriately anonymised, and audit was conducted according to the UK NHS guidelines for clinical audit.
Statistical analysis
Statistical analysis was by paired analysis, students' t-tests or Wilcoxon pair analysis, with appropriate correction for multiple testing, Pearson or Spearman's correlation (GraphPad Prism version 6.0, San Diego, CA, USA) and Bland Altman comparison (Analyse-It version 3.0, Leeds, UK). To determine which factors were associated with changes in body composition after dialysis, a linear correlation analysis was performed, using variables with P o0.1 on simple correlation analysis or variables that were thought to be clinically relevant (age, sex, diabetes, co-morbidity, ethnicity, dialysis vintage, dialysis session duration, dialysate sodium, dialysis urea clearance, serum albumin, C-reactive protein, haemoglobin and β2microglobulin), and variables that were then found to be nonsignificant or did not improve model fit were progressively discarded in a backward analysis (SPSS version 20, University of Chicago, Chicago, IL, USA). Data are presented as mean ± s.d., median (interquartile range), or mean and 95% confidence limits (CL), or as a percentage.
RESULTS
Corresponding pre and post-dialysis MFBIAs were available for review from 676 haemodialysis patients, mean age 61.3 ± 16.2 years (range 19-101 years), 62.4% male, median dialysis vintage 32 (11.7-70.8) months. Overall, 39% of patients were diabetic, 41.3% Caucasoid, 30.3% African/Afro-Caribbean and 21.9% South Asian. Mean height 165.5 ± 10.7 cm and body mass index 25.9 ± 5.8 kg/m 2 .
Mean pre-dialysis haemoglobin 121.6 ± 13.7 g/l, serum albumin 39.9 ± 3.9 g/l, sodium 138.9 ± 3.3 mmol/l, median blood sugar 6.3 mmol/l (5.3-7.9) and C-reactive protein 5 mg/l (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Median dialysis session time 4.0 h (3.5-4.0), mean urea reduction ratio 74.6 ± 7.4%, dialyzer surface area 1.8 m 2 (1.7-2.1), dialysate sodium 137 mmol/l (136-138) and potassium 2.0 mmol/l (2.0-2.0). Overall, 61.6% of patients dialysed using a left arm fistula or graft and 21.1% through a right arm fistula or graft, with the remaining patients dialysing with central venous access catheters, apart from the two with thigh grafts.
Weight fell post dialysis from 72.9 ± 17.8 to 70.9 ± 19.9 kg, Po 0.001, with a corresponding fall in MBFIA-derived total body and segmental water measurements (Tables 1 and 2 ). Whereas measurements of whole-body soft lean mass decreased from 48.2 ± 12.1 to 45.4 ± 11.0 kg, as did fat-free mass from 51.8 ± 19.2 to 48.1 ± 11.8 kg, P o0.001, percentage total body fat increased from 28.8 ± 11.9 to 30.8 ± 12.1% post dialysis, P o 0.001. Similarly, whole-body skeletal muscle mass (SMM) fell and body fat increased (Figure 1) , with a mean difference of − 1.33 kg (95% CL − 4.68 to − 7.33) and +1.07 kg (95% CL 0.68 to 1.46), respectively. The mean difference in percentage body fat (PBF) increased post dialysis by 2.0% (95% CL 1.55 to 2.45).
We then looked at the segmental bioimpedance data and found that the relative changes in lean and fat tissue were greater for the arms compared with the legs ( Table 2 ). Although the changes for fat and lean mass were significant for the right arm, they were only significant for the fat mass in the left arm and not lean mass ( Table 2) .
As ICW fell following dialysis, skeletal muscle decreased ( Figure 2 ), and as ECW fell during dialysis PBF increased (Figure 3 ). Supplementary Table) . The agreement between changes in ICW and ECW pre and post haemodialysis, with corresponding changes in SMM, soft lean mass and fat free mass, was in general poor on Bland-Altman analysis, with significant mean differences and ranges of agreement too wide for simple pre-to post-haemodialysis adjustments in clinical practice. To determine which factors at the start of dialysis, including weight change, determined changes in muscle mass and body fat linear regression analysis was undertaken. The fall in muscle mass was associated with pre-dialysis ICW, weight, age and male sex and to a lesser extent weight loss during dialysis. Although these variables were significant and improved model fit, the overall model fit was weak with an adjusted r 2 value of 0.16 (Table 3) . Similarly, the increase in fat following dialysis was associated with pre-dialysis TBW, weight and to a lesser extent weight loss, age and sex. However, the model fit was even weaker with a r 2 value of 0.11 (Table 3) .
DISCUSSION
Bioimpedance devices are being increasingly used in kidney dialysis centres to aid determination of patient dry weight. 2 Multifrequency bioimpedance devices allow estimation of body composition, 1 and previous reports have shown that bioimpedance measurements are highly reproducible 9, 11 and hence less likely to inter-observer error. A number of studies have reported a strong correlation between body composition assessments made by dual X-ray absorption and MFBIA 16, 17 and others with SGA scores. 18 However, dual X-ray absorption potentially exposes patients to radiation, and patients have to travel to radiology centres, hence reducing the frequency of measurements, and SGA may be limited by inter-observer variation. As protein energy wasting is more common in dialysis patients, reliable nutritional screening tools are required to detect the early stages of protein energy wasting to maximise the effect of potential treatments. Bioimpedance is a quicker technique compared with SGA, but it is more convenient for staff and patients to have predialysis measurements and major studies, such as those by the more frequent dialysis study group reporting body composition measurements made from pre-dialysis bioimpedance measurements. 19 We have previously validated MFBIA of muscle mass and body fat measurements in both peritoneal dialysis 7 and haemodialysis patients post haemodialysis against dual X-ray absorption measurements. 16 However, there has been a debate as to whether hydration status has a clinically significant impact on bioimpedance measurements, with some series reporting changes with hydration status, 20 whereas others reported minimal effects. 17 As these series were relatively small, we elected to look at the acute effects of fluid removal with a haemodialysis session in a large cohort of haemodialysis outpatients. Our data show that as fluid removal with haemodialysis increases, then measures of muscle mass by bioimpedance fall, and conversely bioimpedance measures of fat mass increase. This would be in keeping with muscle tissue naturally containing more water than adipose tissue. However, we found no relationship between the relative amounts of ECW to ICW or TBW and changes in estimation of muscle or fat mass. Segmental measurements of body composition showed that estimates of muscle mass decreased in both the arms and legs. Although estimates of adipose tissue increase in the limbs post dialysis, this was only statistically significant for the arms. However, the ratio of ECW/TBW for the limbs showed that the ratios were greater post dialysis for the legs, in keeping with greater fluid retention in the legs compared with the arms post dialysis. 21 Similarly, the greatest increase in fat estimation post dialysis was in the right arm, rather than the left arm. Only around 20% of our patients dialysed with a right-sided arterio-venous fistula. The dynamics of an arterio-venous fistula, with shunting of arterial to venous blood within the arm, lead to increased fluid retention in the ipsilateral arm both pre 22 and post dialysis, 23 and as such post dialysis the fistula arm remains overhydrated, and, as such for patients dialysing with a left-sided arterio-venous fistula, there was no significant reduction in lean mass in the left arm.
To determine whether there could be a simple correction factor to adjust pre-dialysis values to account for pre-dialysis hydration status, we constructed a number of models including measures of over hydration, ratios of ECW/TBW and ECW/ICW, pre-dialysis assessments of body water, change in weight with dialysis and both patient demographics including dialysis vintage and Figure 3 . Changes in ECW and PBF following dialysis as measured by MFBIA. Note that a reduction in ECW is associated with an increase in PBF. Abbreviations: BF, body fat; 95% CL, 95% confidence limits; ICW, intracellular water; SMM, skeletal muscle mass; TBW, total body water.
Model fit for fall in SMM r 2 = 0.16 and for increase in body fat r 2 = 0.11.
pre-dialysis laboratory variables. Although pre-dialysis weight, intradialysis weight loss, pre-dialysis ICW or TBW, sex and age were all associated with the changes in muscle mass or body fat, the statistical models were weak, suggesting that pre-dialysis bioimpedance assessments of body composition are imprecise. Bioimpedance is a useful technique to measure body composition in kidney dialysis patients, 6 and as a screening tool for malnutrition and protein energy wasting, 18 however, measurements can be affected by hydration status. 24 Patients are typically more hydrated at the start of the dialysis week, after the longer interdialytic interval, compared with later in the week. The ranges of agreement between measurements of body composition with the changes in ICW and ECW were too wide to allow for simple pre-to post-haemodialysis adjustments in clinical practice. As such, although it may be more convenient to make bioimpedance measurements pre dialysis, for greater reliability and reproducibility bioimpedance measurements should preferably be made when patients are closer to their target weight, than when overhydrated, to allow for future comparisons.
